Scenarios for 2010 - 2025 & Beyond:

Analyzing the Impacts of Policies and
Technological Change Using HyTrans

20102025 Scenarno Analysis \Workshop



Hy/ irans merges the 2010-2025 scenarios With
longer-term policies to simulate durable transitions.

= Estimates costs of vehicles and hydrogen, Infrastructure
iInvestments and implicit subsidies.

= Estimates benefits of learning-by-doing, scale economies, fuel
avallability: and market diversity.

= 2010 DOE targets met, further progress beyond 2010.

= Price ofi oll a key factor
= Competition with' ether advanced technologies also impertant
= How willf'societal benefits be taken Inte acceunt?

= Reduced oll dependence

= Oppertunity te reduce GHG emissions
= Elimination of vehicle pollutant emissions



HY rans integrates supply’ andrdemand in a
dynamic market model tor 2050.

= Hydrogen Production
= Hydrogen Delivery.

= [Fuel economy.
= Cost

= Euel availability
= Viake & model diversity
= Price, fuellecenomy, ete.

= Scale Economies
= | earning-hky-doeing

= Calibrated to through 2030



Eor the 2010-2025 analysis, tWe regions
were added: Pacific & Northeast.
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TThe 2 regiens were subdivided: LA/NYC,
medium,, and lower fuel use density.

Guif of Maine

= Barmstable




fen percent of merchant hydregen
production;in the LA region wWas assumed: to
e avallable for vehicles at $1/kg, plant gate.
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llechnoelegy cost and periermance assumpliens
are based on the PSAT/ASCM analysis by
Rousseau, Sharer, Pagerit & Das, 2005.

DOE 2010 Goals Average Intermediate Goals

Fuel Cell System $45 $60 $75

SIKW

Hydregen; Storage $4/$10 - -

$/kWh

Motor $/KW. $4 $4.50 $5
Batteries $/kW $20 $25 $30
Gasoline ICE $/k\W. $21 $22 $23

Diesell ICE $/K\W. $21 $24 $27




W techinoelegy: cest secenaries were taken fieom Rousseau
et al.’s PSAT + ASCMi simulations. The average case
represents substantial technolegic progress.

Effect of Technological Change on the Retail Price
Equivalent Cost of Advanced Drivetrains
Full Scale Economies, Down the Learning Curve
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Inrthe DOE 2010 Goals scenario, all
technologies meet FreedomCar goals.

Effect of Technological Change on the Retail Price
Equivalent Cost of Advanced Drivetrains
Full Scale Economies, Down the Learning Curve
DOE Freedom Car Goals Scenario
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Compenent efficiency assumpliens alse
ieflect a combination ofi DOE 2010 program
goals and judgment (Intermediate case).

DOE 2010 Goals Average Intermediate Goals
Fuel Cell 60% 57.5% 995%
Gasoline ICE 36% 356.5% 35%
DiesellICE 45% 42.5% 40.5%
Hydrogen ICE 42% 40% 36%




TThe DOE 2010 Goals scenario estimates higher
MPG, especially for electronic drive systems.

PSAT Fuel Economy Estimates for Advanced Vehicles
(Base LDV =24.0 MPG)
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Our hydregen “fuel cell'success” scenario
combines DOE 2010 goals for FCVs with
“average” progress for other technologies.

= AEO 2006 High World Oll Price Case:
$90/bbl by 2030

= \]ay not need post-2025 policies
equivalent to:
= $1,000/vehicle for 10 years
= Exemption fiem motor fuel excise tax for H2

= Greennouse gas restrctions equivalent to:

= $50/ton CO;, from| 2015-2030
= $100/ton CO;, frami 2030 on



Thousands of Vehicles

Vehicle Sales by Region
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Tfhe 2010-2025 scenanos reduce the cests o nydregen
venhicles via learning-hy-adoing & scale economies.
(Progress ratio = 0.95)

Impacts of Time, Learning and Scale Economies on Technology
Costs in the Three Scenarios
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TThey increase hydregen avaianility within: the lIightacuse regions
101 10%-15% by 202011n scenarios 1 & 2 andl by 2025, 1n scenario
3. Levels somewhere between 10% and 30% are considered
acceptable to most consumers.

Hydrogen Fuel Availability in Los Angeles by Scenario
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Estimated program costs begin at about $250-
$500 million per year in 2012 and increase to $2-
$4B per year in 2025.

Estimated Total Additional Costs by Scenario
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Implicit vehicles subsidies reflect far more
learning-by-doing and scale econoemies.

Implicit Subsidies for FCVs and Hydrogen: Scenario 1
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[if'world oll prices go to $90/hblfand ECVs are
superior, Scenario 3 alone may be enough.

U.S. Vehicle Sales, AEO 2006 High World Oil Prices,
Scenario 3, Fuel Cell Success, No Subsidies After 2025
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el prices remain: high and all'technelogies meet
thelr 2010 targets, ECVs may share the market.

U.S. Vehicle Sales, AEO 2006 High Oil Prices, Scenario 3,
All Technologies Meet 2010 Targets
No Subsidies After 2025
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i o1l 1s $50/bbl In 2030, subsidies may: be required
torachieve a durable transition to hydrogen.

Millions

U.S. Vehicle Sales, AEO 2006 Reference Oil Prices,
Scenario 3, Fuel Cell Success, H2 Tax Exemption and
$1,000 Subsidy to 2040
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U.S. Light-Duty Vehicle Sales, AEO 2006 High World Oil Prices,
Scenario 3, Fuel Cell Success, $4/kWhr On-board Storage Cost

Higher on-boeard E—

storage costs * g e
affect the *

competition with

hybrids:
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U.S. Light-Duty Vehicle Sales, AEO 2006 High World Qil Prices,
Scenario 3, Fuel Cell Success, $10/kWhr On-board Storage Cost
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Several pathways are aple (o deliver hydregen at nearly.
equal costs. This scenario shares preduction amoeng four.

Hydrogen Production by Pathway,
DOE 2010 Goals Met,2006 AEO High World Oil Prices
Excise Tax Exemption, $1,000 Subsidy to 2040
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IR this seenario, for example coal does noet appear
but there Is no Impact on the cost of hydrogen.
Hydrogen Production by Pathway,

Fuel Cell Success, 2006 AEO High World Oil Prices —e—SMR
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By 2050, advanced HEVS and H2ECVS cut
calr and light truck petreleum: use to less
than %z the current level.

Fuel Use In Fuel Cell Success Scenario
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Withi strieng GHIG pelicies, carbon dioxide
emissions reductions of 1.6/ Gt €O, Versus
extrapolated 2050 LDV emissions are achievable.
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Strong constraints ($50-$90/tC0O;) on GHG emissions shift
nydregen production to low or hegative net emissions
processes, surprisingly to distributed SMR.

H2 Production by Source Under Large GHG Tax
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Given that the EreedeomCar goals are met in
2010, a durable transition; to hydrogen fuel
cell vehicles can be achieved by 2050.

= The 2010-2025 scenarios,
= drive costs down the learning curve and establish scale
economies

= nduce fuel availability: of 10%,te; 30%:;in “lighthouse™ regions

= Depending on technical success, policies equivalent to
subsidies; ofi $1-$2,000/vehicle over a decade combined: with
a motor fuel excise tax exemption for hydregen should
Induce a complete or nearly. complete. transition.

= Several hydrogen pathways can supply hydrogen at a
competitive price (<$3/kg).
= Ollfuse by light-duty: venicles weuld he: cut by 75% by 2050.

= \Withr strong GHG pelicies, energy: efficiency. andl nydregen
fliem renewable reseurces or fiessil fuels with seguestration,
could reduce light-aduty venicle € emissiens by 65% by 2050.



Key/ factors contriduting te a
successiul transition include:

Incentives comparab

e to those extended to

hybrid vehicles (=$1-2,000/vehicle) but at a

much larger scale (al

new LDVs for 10 years) or

equivalent regulations.

Recognition ofi the lewer societal costs of
hydrogen eguivalent to a motor fuel excise tax
exemption (or continued high world ol prices).

Strong| policies to constrain C emissions
(equivalent ter $50-$100/tC) to shift the mix of
hydregen preduction toersustainable fuel cycles.



THANK YOU.



	Scenarios for 2010 - 2025 & Beyond: Analyzing the Impacts of Policies and Technological Change Using HyTrans
	HyTrans merges the 2010-2025 scenarios with longer-term policies to simulate durable transitions.
	HyTrans integrates supply and demand in a dynamic market model to 2050.
	For the 2010-2025 analysis, two regions were added: Pacific & Northeast.
	The 2 regions were subdivided: LA/NYC, medium, and lower fuel use density.
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	Component efficiency assumptions also reflect a combination of DOE 2010 program goals and judgment (Intermediate case).
	The DOE 2010 Goals scenario estimates higher MPG, especially for electronic drive systems.
	Our hydrogen “fuel cell success” scenario combines DOE 2010 goals for FCVs with “average” progress for other technologies.
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